
Nanolubrication requirements 

Friction rnntrol From slow to high-spl'l'd oscilla­

tions.
 
[an withstand billions of duty cycll's.
 
[an withstand I'xtrl'ml' packaging tl'mperaturl's
 
without brl'akdown.
 
Long-tl'rm [3-25 Yl'ar] storagl' capacity.
 
Hydrophobic, adhl'sion prl'vl'nting, stiction control.
 

Source: Dr. 5tephen Hsu, George Washington Univer­
sity, professor of engineering in the deportment oj me­
chanical and aero5poce engineering, Gennantown. f1d., 
stephen.hsu@Jerols.com. 

But there's a holdup created by research barriers such as 

the lack of a comprehensive instrument to measure frictlon 

at the nanoscale, and a vcry incomplete understanding of 

na nosca Ie properties. 

According to Hsu, the most pressing nanotribological 

needs for development are: 

•	 An understanding of nanoscale adhesion and stiction­

the force required to cause one body in contact with an­

other to begin to move. 

•	 Nanolubrication (harrier films, package films, low-fric­

tion films). 

•	 An understanding of friction or lateral loading-induced 

failures in devices. 

•	 Component life evaluation (fatigue, fracture from move­

ment or contacts). 

•	 An understanding of the nanomeehanieal property mea­

surements of nanomaterials. 

•	 The application of nanomatcrials as tribo-materials. 

"An important issue is how to design complicated in­

terlocking devices that will not get wet," Hsu said. "This 

is especially critical for nanoscale devices that have silicon 

components. Silicon loves water, and once water get hold of 

silicon the device will not function. 

"You need to have a vcry thick fi 1m to ensure that the 

device will function correctly in the presence of water," Hsu 

adds. "Now the question is how to devise and dewlop such 

a durable molecular film." 

EMERGING ISSUES 

No new technology is without issues. And aero mUl'h new­

ly introduced technology (plastics, gencticall; en ineered 

food) the issues arc the same: cost vs. b neu, [0 'icology 

and environmental impact, acadcmic-industr\ cooperation 

and consumer acceptance. While these issu apply to nano­

technology now, they will all apply to nanoLri 10 at some 

point. 

Cost vs. bEnEfit. For researchers such as Lockwood who 

are employed by corporations, cost vs. benefit is a key com­

ponent of every new undertaking. 

"1 think at the end of the day, no one cares whether some­

thing uses nanotechnology or not," she said. "[t's only about 

whether they see a performance benefit for a reasonable val­

ue. So all of these academic discoveries are being explored in 

terms of their value proposition to the real world. [t takes a 

lot of effort to do that comprehensively, and it takes some­

thing exceptional to break through the dutter and really 

present a true value proposition. 

"There are so many products out there that to distribute 

a new one you've got to have something that stands out, or 

you need a super markeLing machine. One or the other-or 

preferably both." 

Dr. Lev Rapoport, professor and head of the Tribo'logy 

Laboratory at Israel's Holon Institute of Technology, agrees. 

"Academia studies the mechanisms of friction in condi­

tions sometimes far removed from real contact situations," 

he said. "Sometimes the effect of nanoparticles doesn't jus­

tify the cost. Good distribution of nanoparticles in oil or in 

different composite matrixes can significantly improve their 

friction and \vear properties." 

Rapoport added that specific effort is needed to reduce 

the price of micro/nano-electro-mechanical systems (MEMS/ 

NEMS) devices. He believes nanotribology will playa key 

role in that regard, especially in the areas of thin films and 

nanolubricants. 

According to Hsu, government funding agencies are wak­

ing up to this fact as well. 

"Even though there is a lot of research money out there 

for nanotechnology, if you submit a proposal for nanotribo­

logy you are not going to get funding," he said. "Nobody 

cares. But if you are looking at commercial products, at 

nanomaterials as they apply to real industry issues, not only 

Figure 4 I AFM image of nanoparticles on the surface of alumina wafer. 

[Courtesy oFDr. Lev Rapoport, Holan Academic Institute oFTechnologyl 
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will the government fund you, but a corporation might fund 

you as well." 

Toxicological and EnvironmEntal challEngES. We al­

ready know about the damage to health caused by asbestos 

and coal microns, so introducing a slew of products contain­

ing nanoparticles is causing concern and spurring the federal 

government toward regulation. Worries grew when research­

ers at Southern Methodist University reported brain damage 

in a large-mouthed bass that had been swimming in aquari­

um waters infused with common carbon-based nanopanicles 

(buckyballs) . 

Of paramount concern is the catalytic activity of nano­

materials and their potential risk as they interact with bio­

materials. Groups such as the Center for Responsible Nano­

technology advocate for tight government regulation, while 

others counter that overregulation would stifle scientific re­

search and the development of life-saving innovations. 

According to Dr. Atanu Adhvaryu, 6 Sigma Black Belt, at 

Caterpillar's Advanced Materials Technology, Technology & 
Solutions Division in Peoria, Ill., "Particles in nanometric di­

mensions have significantly different physical and chemical 

properties compared to the bulk material. 

"Until health and safety aspects of these materials are ful­

ly understood, they will be a hard sell for industrial applica­

tions," Adhvaryu adds. "This is particularly true for products 

containing novel nanomaterials that come in contact or have 

the potential for accidental exposure to humans and the en­

vironment." 

The National Institute for Occupational Health and Safety 

(NIOSH) is conducting research on the occupational safety 

and health implications of nanotechnology, with current ef­
forts focused in the following three areas: 

•	 How might workers be exposed to nano-sized particles in 

the manufacturing or industrial use of nanomaterials? 

•	 How do nanoparticles interact \Nith the body's systems? 

•	 "'Vhat effects might nanoparlieles have on the body's sys­

Lems? 

NIOSH believes answers Lo these questions are critical for 

safely maintaining U.S. competitiveness in the nanotechnol­

ogy market. 

In addition, the Centers for Disease Control and Preven­

tion (CDC) have developed guidelines for working with 

nanomaterials (see sidebar). 

"We do have to worry about nanopartieles being potential 

health hazards," Hsu said. "You sprinkle nanopartieles on 

your skin, and some of them will go right into your blood­

stream. But I believe the most significant risk is found in the 

production process. So far the finished products appear to 

be safe." 

Ironically, the very properties of nanopartieles that make 

them hazardous make them wonders as well. 

"It's a two-edged sword," Hsu said. "These properties also 

allow amazing medical advances such as the safe deliyery of 

medicine through patches." 
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The same applies La' the environment. While the po­

tential for environmental damage caused by nanopartieles 

exists, using the same technology researchers are building 

highly mobile nanodevices for detecting air pollution. 

ConsumEr aCCEptanCE. In order to move 'forward, nano 

companies must squelch fears about the effects of nanopar­

tieles in the body-in much the same way as the genetically 

engineered food industry is doing. 

In April 2008 testimony before the Senate Commerce 

Committee, PEN project director David Rejeski said, "Public 

trust is the dark horse in nanotechnology's future. If govern­

ment and industry do not work to build public confidence 

in nanotechnology, consumers may reach for the No-Nano 

label in the future, and investors will put their money else­

where." 

The hearing marked the start of U.S. Senate debate on the 

future direction of the annual $1.5 billion federal investment 

in nanotechnology research and development. 

According to Rejeski, "Public perceptions about risks­

real and perceived-can have large economic consequences. 

How consumers respond to these early productS-in food, 

electronics, health care, clothing and cars-is a litmus test 

for broader market acceptance of nanotechnologies in the 

future." 

• , •• I • • I ~ • 

, I ." 

.," 

G;i1m:.:l!lm.l' ••. . 

TECHNOLOGY WWW STLEORG 



Lockwood believes nanotribol­Digital InstruMents HanoScope 
Scan sin 2,900 UM'
 
Scan rate 1,001 Hz
 ogy's future lies panly in areas of 
NUMber of saMPles 258
 
IMage Data Height
 improving extreme pressure perfor­
Data scale 200.0 nM 

mance in the context of gear lubri­

cations. 

Hsu is looking toward TVs, in­

tegrated circuits, automotive ma­

terials, biomedical devices, time­

""ie.. anglli release devices, lubricant aduitives, 
-i..?- light angl e self-repairing auditives, surface phe­

nomena additives and data storage 

devices. 

"The potential for future ap­

plications of nanotechnology lie 

primarily in the field of advanced 
1.0 

lubrication and novel coatings for 

machine components," Adhvaryu 

said, "There should be significant 
08091828.001 benefits gained from using such 

technologies in applications invollv­

ing highly loaded contacts and com­
Figure 5 I MOS nanopartides burnished on the laser surface textured steel. [Courtesy of Dr, Lev Rapoport, ponents that operate under starved 

X 0.500 uMldiv 
2 200.000 nM/div 

z

Holon Academic Institute of Technology)
 

AcadEmic-industry coopEration. STLf-member Dr. 

Hong Liang, associate professor of mechanical engineering 

at Texas A&M University in College Station, Tcxas, believes 

the academic-industry nanotechnology partnership has been 

an overwhelming triumph. As examples, she points to the 

widespread implementation of nanopanicles in manufactur­

ing and the considerable consumer benefit of using nanolu­

bricants to make hard disks last longer and reduce wear. 

"There has already been significant manufacturing suc­

cess with nanotechno{ogy," she says. "As far as the {ubrica11ls 

go, there is no disconnect between academic research and 

industry use. If there is a disconnect, it resulted from people 

trying to get into nano-research without a clear purpose. Ba­

sic research needs to have the potential to create a lasting 

impact on the real world. This is true for research in nano­

technology. " 

Another reason for a disconnect, according to Liang, is 

that some technology, such as NEMS, has not yet matured to 

the pOint where it can be fully employed. 

THE FUTURE 
Liang believes there needs to be better nanotribologicalmea­

suremel1l in order for both nanotribology and nanotechnol­

ogy to move forward. Once that barrier has been (wercome, 

she believes new engine deSigns and lubricants "ill greatly 

increase fuel efficiency. Another area for future dn-eiopment 

is biotribology. 

"As Baby Boomers age, we need to impr(nc the wear 

properties of biomedical devices such as joint replacements 

and heart valves," she said. 

lubrication." 

As far as long-term issues are 

concerned, Auhvaryu believes more 

research is needed in the areas of: 

The funuamental nature of friction ancl adhesion. 

Contact mechanics models for nanocontacts. 

Overcoming friction in self-assembled nanomaterials and 

EMS. 
The use of friction and films to assemb'1e multifunctional 

structures. 

The National Cancer lnstitllte has committed to a 5144.3 

million, five-year initiative to develop and apply nanotech­

no{ogy to cancer. T{1C institutes (ormer director, Andrew von 

Eschenbach, said that nanotechnology has the potential to 

radically increase options for prevention, diagnosis and can­

cer treatment. 

Among the most promising technologies are low-friction 

nanoscale devices or devices with nanoscale materials and 

components that can detect cancer in its earliest stages. These 

same devices have the potential to provide real-rime assess­

ments of therapeutic and surgical efficacy. In addition, tar­

geted devices capable of bypaSSing biological barriers could 

deliver therapeutic agents directly to cancer cells. 

"As far as nanotechnology is concerned, nanotribology 

is one of the top issues," Hsu said. "There are so many nan­

odevices on the horizon that have the potential to change 

people's lives, but they will never come to market unless we 

learn how to control friction at the nanoscale." iiIi 

Jean Van Rellsselar heads Itel- OWIl C01l1l1ll!11icatiol1s firm, Smart 
PR COl1ll1lllllicaUons, ill Napervil.le, Ill. YOli can contact her at 
jeaJl@SmartPRcoJIIJIIllJlicatioJls.com. 
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